INTRODUCTION
============

In the year 2016, the first attempt was made to assess the state-wise global disease burden (GDB) of India. The results of this study showed that the five leading individual causes of disability-adjusted life years (DALYs) in India were ischemic heart disease, chronic obstructive pulmonary disease, diarrheal diseases, lower respiratory infections, and cerebrovascular disease.^[@B1]^ Oral health was totally overlooked and not recorded in this survey. Many oral diseases like oral cancers, periodontal diseases, and dental caries have high prevalence in India and are a matter of concern. This article focuses on dental caries, commonly known as tooth decay or cavity, and is defined as "the localized destruction of susceptible dental hard tissues by acidic by-products from bacterial fermentation of dietary carbohydrates."^[@B2]^ It can affect the deciduous or the permanent dentition, and both the coronal and radicular parts of the tooth. The interplay between host- and environment-related factors governs the development and progress of dental caries. There are many factors that may increase the susceptible of an individual to dental caries or its sequelae.^[@B3]^ These include microbiological factors, behavioral and lifestyle-related factors like poor oral hygiene, inappropriate dietary habits like frequent intake of refined carbohydrates and sugars, frequent use of sugar-containing medications, and wrong feeding habits among infants.^[@B4]^,^[@B5]^ Host-related factors like diabetes, salivary flow, stress, altered immune response, and genetic polymorphism can also influence the patients' susceptibility to dental caries.^[@B6]--[@B10]^ Not only these but low socioeconomic status, less education, unavailability of dental insurance coverage, and prolonged orthodontic treatment especially with fixed braces and poorly fabricated partial dentures have also been associated with dental caries.^[@B3]^,^[@B11]^,^[@B12]^

Dental caries is one of the leading causative agents of oral agony and the prime reason for patients to visit dental clinics or hospitals. Unfortunately, the patients report at a stage when some amount of loss of the tooth structure has already taken place. In early stages, restorations can be done to save the tooth, but in later stages, root canal treatment or extractions are the only resorts. People are susceptible to dental caries throughout their lives. Simple measures, when taken timely and awareness among masses, can help prevent the occurrence of dental caries. In this article, we have highlighted the reasons why this disease needs attention, what is the current scenario in India, and how the preventive and research strategies need to be customized to tackle this problem in India.

WHY DENTAL CARIES NEEDS ATTENTION?
==================================

High Prevalence and Incidence
-----------------------------

The World Health Organization (WHO) estimated the global DMFT index of 188 counties for the 12-year-olds in 2004. They reported that 200,335,280 teeth were affected by one of the features of DMFT among just that age group.^[@B13]^ In 2005, the bulletin of the WHO stated, "Worldwide, the prevalence of dental caries among adults is high as the disease affects nearly 100% of the population in the majority of countries."^[@B14]^

In 2010, a systematic review of untreated caries stated that worldwide, untreated dental caries in permanent teeth was the most prevalent oral disease affecting 240 crore adults. Whereas, in the primary dentition it was the 10th most prevalent condition, affecting 62.1 crore children. This article also pointed towards the fact that earlier more children were affected with dental caries but now more adults are affected by this condition with peaks seen in 6, 25, and 70 age groups.^[@B15]^

Looking at the global epidemiology, the United States has reported dental caries as the most common chronic disease of childhood, being five and seven times more common than asthma and hay fever, respectively.^[@B16]^ Also, more than 50% of children had at least one cavity or restoration and it increased to as high as 78% among 17-year-olds.^[@B17]^ In China, the prevalence is 55% in 3--5-year-olds^[@B18]^ and more than 4 out of 10 children are affected by dental caries in the United Kingdom. The prevalence at 8 years of age in the United Kingdom was found to be 57%.^[@B19]^ Looking at India, the literature documenting the prevalence or incidence of dental caries is scarce and limited to a few states. The prevalence of dental caries in a survey conducted by DCI in 2004 also pointed toward an increase in dental caries with age with prevalence increasing from 51.9% in 5-year-old children to as high as 85.0% in adults aged 65--74 years. Dental caries was also reported as the primary cause of edentulism in almost 30% of the senior citizens.^[@B20]^

In a recent publication^[@B21]^ that secondarily analyzed the data provided in a publication in Lancet in 2017,^[@B22]^ it was stated that as compared to South Asians, Indians had a higher incidence of dental caries and more females suffered from this problem as compared to males.

Unfavorable Sequelae of Dental Caries
-------------------------------------

Untreated dental caries can lead to sequelae like severe pain, abscess, loss of the tooth, swelling, trismus, and systemic manifestations like fever and lymphadenopathy. In the worst cases, the infection can also spread to other anatomical spaces of the head and neck.

Increased Risk for Hospitalization
----------------------------------

In many countries, some dental procedures are done under general anesthesia and dental caries has been reported to be a leading cause of hospitalization.^[@B23]^ According to the Royal College of surgeons' report, tooth decay was the primary reason for hospitalization in the 5--9-year-old age group.^[@B24]^

Impact on Quality of Life
-------------------------

Dental caries also detrimentally affect the quality of life as it can lead to problems in chewing, communication, disturbed sleep, and social interaction. This affects both children and adults. In children, it also governs eating habits, nutritional intake, gastrointestinal disorders, and may affect growth, early childhood development, and readiness for school and thus adding to absentia from school. Children with severe caries weigh less than controls and are at higher risk of developing caries in future. It has been reported that the inflammatory process initiated due to caries may lead to curbed growth through a metabolic pathway and can lead to reduced hemoglobin due to depressed erythrocyte production.^[@B25]^

Rejection from Military Services
--------------------------------

Tooth cavity and missing tooth have been reported to be the most common causes for not getting selected during medical screening prior to joining military services.^[@B26]^

Disparities in Caries Distribution
----------------------------------

It has been found that the prevalence of caries is not uniform throughout the subgroups of a country. Dental caries is more prevalent in poor and low socioeconomic groups. In United States, caries prevalence was found to be 1.8 times greater in poor children.^[@B27]^ In India also, high caries prevalence has been reported in tribal groups.^[@B28]^ This could be due to wrong brushing methods, dearth in the awareness on the significance of milk teeth, and deficiency of conveyance facilities and access to dental facilities. This clearly points that the one-size-fits-all approach cannot be implemented but different strategies are required depending on the population subgroups.

Economic Impact of Dental Caries
--------------------------------

The demand of restorative treatment in the developing countries is higher than the resources available for public health programs.^[@B29]^ These funds are available only for emergency services like severe pain or trauma. If preventive and restorative procedures are carried out, the costs of treatment in children alone would exceed the total healthcare budget for children.^[@B14]^ In many industrialized countries, 5--10% of public health funds are directed toward oral health.^[@B14]^ In 2018, an estimate of the economic impact of three dental diseases, untreated dental caries, periodontitis, and tooth loss, was reported across the globe.^[@B30]^ In India, it has been estimated that the dental or oral disease-related expenditure is very less, actually one of the lowest in the world. An average Indian expenditure due to dental disease per capita in U.S. dollars was 0.14 (Rs. 8.45, assuming 1 U.S. \$ is Rs. 65.00), as compared to US\$370.47 for the United States.^[@B31]^ This is not because the incidence of oral disease is low but because of lack of awareness or access to dental facilities. If the economics behind the met and unmet dental treatment needs is studied, it is found that for every rupee spent on dental treatment, about 14 rupees are saved.^[@B21]^

PROBLEMS IN INDIA IN MANAGING DENTAL CARIES
===========================================

-   Large population: India has a population of 1210.2 million and accounts for 17.5% of the world\'s total population.^[@B32]^ Data collection of such a large population is itself a tedious job. Not only that, though urbanization is happening at a good pace, still 68.84% of the Indian population resides in the villages^[@B33]^ and does not have access to basic health facilities.

-   Different religious beliefs and lifestyles: No "cookbook recipe" can be applied to all subgroups of populations, since they have genetically distinct ancestry and varied lifestyles. India is a vast country with great diversity in eating habits and behavioral practices.

-   Different languages: India is like nations within a nation. To communicate with people with different languages, people native to that area have to be engaged.

-   Lack of data and well-controlled studies for policies and manpower development: The first step towards formulating any preventive protocols or strategies is a collection of data as to what is the prevalence of the disease, is it the same all over the country, or is it more prevalent in particular subgroups. This is important because the same preventive protocol may not be applicable to all subgroups. When these data are available, then only strategies that are suitable to population subgroups can be formulated. The state-level estimates of the prevalence of dental caries, in both the dentitions, are the first thing that needs to be done.

###### 

Important points while designing an oral health survey

  ---- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  1    What is it that you are looking for enamel caries or obvious dental decay? In huge populations like India, the term "obvious dental decay" should be used rather than dental caries. Clearly define and train the evaluators as to what is obvious dental decay. Are enamel caries being included or not?
  2    How are you detecting caries: visual-tactile examination alone or radiographs? Taking a bitewing radiograph of the whole population to diagnose interproximal caries is not possible. Thus, one would always underscore interproximal caries.
  3    Training and calibration of the examiner and the recording assistant should be done by experts having a minimum of 5 years of experience.
  4    To get the the exact number door to door survey should be conducted. If that is not possible, follow the WHO recommendation of 300--600 dental examinations of people aged 5, 12, 15, 35--44, and 65--74 years from a homogeneous region, as was done by the Dental Council of India.^[@B20]^
  5    To prevent burnouts and decrease in the quality of data collected, the examiner should not assess more than 10 houses in a day. The single examiner should conduct the survey and an assistant should note the findings to remove bias.
  6    At least one person from the team should have knowledge of the local language.
  7    Social workers can be roped in to collect any further data.
  8    Prior permissions to conduct the study from the concerned directorates should be taken.
  9    If a college is conducting the survey, institutional ethical clearance should be taken.
  10   A written informed consent should be taken by all participants.
  11   Biostatistician inputs should be taken before commencing the survey.
  12   If possible, get funding to conduct the survey so that there is no deficiency of armamentarium and manpower to conduct the study. Use disposable mirrors.
  13   Divide each state into districts and then into blocks or talukas. Each block may further have its many gram panchayats and villages under one block/taluka.
  14   Create apps to easily record the findings and not to miss on important findings.
  15   Take intraoral photos and Aadhar card numbers of all the participants to ensure that the door-to-door study has been conducted.
  ---- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

When conducting a survey, the standardized diagnostic criteria for detecting dental caries should be followed as even small variations in diagnostic norms can produce a considerable difference in the prevalence recorded. Some important factors that should be kept in mind while designing a survey are mentioned in Table [1](#T1){ref-type="table"}.

###### 

Research questions that are still unanswered for India

  ---- ------------------------------------------------------------------------------------------------------------------------------------
  1    What is the difference in the prevalence of dental caries in rural and urban India?
  2    Has there been increase or decline in the prevalence of dental caries over the past 5--10 years?
  3    As life expectancy is increasing, what is the prevalence of geriatric dental caries?
  4    Which are the high-risk populations in India?
  5    Which regions do not have access to basic dental amenities?
  6    In India, is dental caries found in specific teeth or tooth types in both the dentitions? Which surfaces are more prone to caries?
  7    Do different eating habits and lifestyles across India influence the prevalence of dental caries?
  8    What is the level of awareness in regard to dental caries among the masses?
  9    Are carious teeth being restored or extractions are preferred?
  10   What is the effect of dental caries on the overall quality of life?
  11   Are school preventive programs being implemented?
  ---- ------------------------------------------------------------------------------------------------------------------------------------

-   Lack of evidence: Well-controlled studies are required to answer the questions mentioned in Table [2](#T2){ref-type="table"}.

PREVENTIVE STRATEGIES
=====================

-   Oral health needs to be linked with general health.

-   Cooperation and training of medical professionals, Anganwadi, and social workers required in emphasizing and promoting oral health care. Also, they can be trained to diagnose early carious lesions.

-   It has been reported that the four most prevalent noncommunicable diseases, cardiovascular diseases, diabetes, cancer, and chronic obstructive pulmonary diseases, have the same risk factors as oral diseases and can be controlled by lifestyle changes.^[@B14]^ Thus, lifestyle changes can be promoted by dental and medical professionals.

-   School teachers can play a crucial role in awareness and implementation of preventive strategies, especially focusing on good dietary and brushing habits, and in promoting the importance of milk teeth.

-   Social workers should be engaged in monitoring oral health especially in the underprivileged and special children.

-   India has the maximum number of dental colleges in the world; this huge workforce should be engaged to tackle this pandemic disease.

-   Government support would be required in planning and implementing the strategies.

-   Timely surveillance of fluoride levels in water needs to be done.

-   Fluoride toothpaste, gels, and varnishes that have been clearly documented as effective preventive measures toward dental caries should be practiced.^[@B34]--[@B36]^

-   Schools should be targeted for water fluoridation or sealant applications.

-   When any survey is conducted, one should try to train and educate the mother or at least one family member for the detection of carious lesions or signs of early demineralization.

FUTURE RESEARCH DIRECTIONS
==========================

-   Surveys to collect basic interstate data on prevalence through well-controlled studies should be done.

-   Future research should be focused on preventive strategies and their effectiveness in the progression or regression of the carious lesions.

-   New fluoride-releasing materials or probiotic materials or other Ayurvedic agents that have anticariogenic activity should be explored.

-   Newer technologies should be employed for easy, early, and confirmative diagnosis of dental caries.

-   The use of biotechnology in biofilm or genetic modification can be explored.

-   Nanotechnology can be used to invent newer and more effective materials and to restore the affected tooth.

-   The role of fluorides and saliva stimulation and the significance of bacteriology can be explored.

-   We are moving toward an era of a customized treatment plan. Do dental caries have a genetic susceptibility in different populations? Or can we identify high-risk patients based on their genetic makeup?

-   Main etiological factors for dental caries need to be identified across different age groups and states across the country.

-   The use of information technology to easily locate dental facilities or to connect to masses through apps needs to be explored. These apps can be a huge asset in awareness programs.
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